Salmonella enterica var. Heidelberg was isolated from an unusual food source during routine case follow-up, prompting a case control investigation of frozen chicken nuggets and strips. Most frozen nuggets and strips are raw; however, par-frying lends a cooked appearance. As such, suitable food preparation precautions might not be undertaken by consumers. Cases were con rmed in the laboratory between 1 January and 1 April 2003. Controls were generated through forward-digit dialing and individually matched by age category. Telephone interviews were conducted, and limited sampling of unopened product was performed. Eighteen matched pairs were interviewed. The odds of infection were 11 times higher in individuals who had consumed frozen processed chicken nuggets and strips (95% con dence interval, 1.42 , odds ratio , 85.20). One-third of cases and controls considered frozen nuggets and strips to be precooked, and one quarter used the microwave, an ill-advised cooking method. Consumer misconceptions contributed to the risk of infection. Clear labels identifying nuggets and strips as raw poultry are needed.
In 2002, Salmonella enterica var. Heidelberg replaced S. enterica var. Enteritidis as the second most commonly isolated Salmonella serotype in Canada. Although Canada has noted large increases in Salmonella Heidelberg isolations over the last several years, particularly in Quebec, British Columbia has seen a relatively small and gradual incidence of infection over time (Fig. 1) . As with other salmonellae, transmission of Salmonella Heidelberg occurs by the fecal-oral route, and previous outbreaks have been associated with contaminated food products (2) . Ingestion of the organism causes a self-limiting acute gastroenteritis characterized by fever, diarrhea, cramps, nausea, and, occasionally, vomiting. Raw poultry is known to harbor salmonella, and Canadian surveillance results indicate that Salmonella Heidelberg is the most common Salmonella serotype isolated from raw poultry (5) .
In late February 2003, a British Columbia family cluster of laboratory-con rmed Salmonella Heidelberg infections was investigated by public health staff after two young siblings were hospitalized with symptoms of gastroenteritis. Following discharge, one child redeveloped symptoms and three other family members became ill, one with laboratory-con rmed Salmonella Heidelberg infection. A food consumption history of family members identi ed two potential sources of infection. Leftover product was avail-able for both suspect food items and was submitted for laboratory testing; Salmonella Heidelberg was recovered from an opened package of frozen, processed chicken nuggets.
With few exceptions, boxed chicken nuggets purchased frozen in grocery stores are raw at the point of purchase and must be fully cooked prior to consumption. Although raw, these products are often lightly breaded and par-fried, giving them a golden, cooked appearance in their frozen state. Because these products do not look or smell raw, there is concern that the general public might believe that these products are fully cooked. As such, they might not be handled or cooked with the same food preparation precautions used for obviously raw poultry products such as chicken breasts.
Except for 1 week in late February, the number of Salmonella Heidelberg isolations reported in British Columbia between 1 January and 1 April 2003 did not surpass the number expected for that period. Despite the absence of an ''outbreak,'' concern regarding consumer misconceptions, as well as an increasing national incidence of Salmonella Heidelberg, triggered further investigation. Several individuals with Salmonella Heidelberg infections diagnosed within a few weeks of the index family were questioned. Many of these individuals reported exposure to either chicken nuggets or strips within the incubation period for salmonella infection. This nding prompted a more systematic epidemiologic investigation. 
MATERIALS AND METHODS
Laboratory-con rmed cases of Salmonella Heidelberg identi ed in British Columbia between 1 January and 1 April 2003 were included in epidemiologic and laboratory investigations.
A three-page hypothesis-testing questionnaire was used to interview cases and controls by telephone. Information was collected regarding exposure to frozen processed chicken products (including nuggets, strips, burgers, and wings) and other raw chicken products. Consumption of other foods commonly associated with salmonella outbreaks was also assessed, including eggs; deli meats; beef, pork, and turkey products; nuts; raw cake or cookie dough; dairy products; and unpasteurized juices. In addition, respondents were asked about exposure to pets, farm animals or petting zoos, and exposure to childcare settings. Clinical information was captured, as was information on consumer perception of frozen processed chicken products, including usual cooking and handling practices.
Only one person per household was included in the case control analyses. The person with the earliest onset of symptoms was chosen to represent households with more than one infected individual. One control per case was selected for interview through forward-digit dialing of the case's home telephone number. Controls were individually matched to cases by age category to account for potential differences in food preparation practice (i.e., teens might handle and cook products differently than adults). The following age categories were used for matching: 0 to 6 years, 7 to 17 years, and 18 years and older. Proxy respondents were accepted for individuals less than 16 years old, unless parental consent was given. Cases were asked to recall food consumption in the 7 days prior to onset of illness. Controls were asked to recall food consumption in the 7 days prior to interview. Frequency and matched analyses were performed by EpiInfo version 6.04d.
Laboratory isolates of Salmonella Heidelberg were serotyped by the standard international scheme for Salmonella (8) . They were further subtyped by pulsed-eld gel electrophoresis and phage typing (PT). Pulsed-eld gel electrophoresis analysis was performed with the standardized protocol used by PulseNet (Centers for Disease Control and Prevention, Atlanta, Ga. (1)). Data were interpreted according to the criteria speci ed by Tenover et al. (9) and by Bionumerics version 3 software. Clusters were identi ed if the banding patterns were indistinguishable. PT was performed by the National Laboratory for Enteric Pathogens (Health Canada, Winnipeg, Ontario).
Unopened packages of frozen processed nuggets and strips were selected for testing in a nonrandom fashion from among stores and brands most commonly cited by cases. The presence of Salmonella Heidelberg in unopened packages was detected by inoculating 25 g of homogenized food into preenrichment broth (to resuscitate injured bacteria) followed by selective enrichment and plating onto differential agars (3).
RESULTS
Twenty-three cases of Salmonella Heidelberg were identi ed between 1 January and 1 April 2003. Of these, 11 (47.8%) were male. The median age was 16 years old, with a range of 1 to 85 years of age; however, a quarter of all cases occurred in children between the ages of 1 and 4 years. Cases were identi ed across the province with a tendency toward occurrence in smaller urban centers.
Twenty cases were interviewed. One individual was lost to follow-up; two cases were excluded as additional household cases. The median duration of illness was 11 days (range 2 to 72 days). Sixty-ve percent of cases were seen in an emergency room. Forty-two percent of cases were hospitalized, with a median hospital stay of 5 days (range 1 to 20 days). Two isolates were derived from blood samples, suggestive of systemic infection. The most common symptoms included diarrhea, headache, fever, and cramps. Forty percent of cases experienced bloody diarrhea. The frequency of symptoms related to Salmonella Heidelberg infection are given in Table 1 .
Eighteen matched cases and controls were interviewed about exposures. The odds of Salmonella Heidelberg infection were 11 times higher in individuals who had consumed frozen processed chicken nuggets or strips compared with those who had not (95% con dence interval [CI], 1.42 to 85.20; Table 2 ). No other exposure, including unprocessed chicken, was signi cantly associated with illness.
Laboratory characterization by PT is shown in Table  3 . Twelve of 23 isolates (52%) were phage type 26 (PT26). Nine PT26 cases met the study inclusion criteria, were successfully matched, and had exposure information. Although not statistically interpretable, six PT26 cases (67%) compared with no matched controls (0%) reported consumption of a particular brand of chicken nuggets or strips sold in a large, family-sized box (matched odds ratio [MOR] 5 unde ned). Five of 11 cases with other PT patterns (45%) also reported consumption of frozen processed nuggets or strips of various brands.
One-third of all respondents considered frozen, processed chicken products such as chicken nuggets and strips to be precooked products, requiring reheating only. Cases (6 of 18, 33.3%) and controls (6 of 18, 33.3%) were equally likely to consider these products precooked (MOR 5 1.00; 95% CI, 0.01 to 78.5). When asked about cooking methods, 27.3% of all respondents replied that they either always used a microwave (15.2%) or sometimes used a microwave (12.1%) when heating these products. Given the choice of Always, Often, Sometimes, or Never, respondents were asked how often they washed their hands after handling raw chicken and after handling frozen processed chicken such as nuggets or strips. Thirty-ve percent of the respondents reported washing their hands less frequently after handling frozen processed chicken than after handling raw, uncooked chicken. Because family-sized boxes were purchased frequently, we inquired about repackaging habits. Thirty-seven percent of respondents reported repackaging nuggets and strips into smaller freezer portions, but of these, only 36% reported saving the cooking instructions off the original box for later use. No difference was detected in cooking practices, hand washing, and repackaging habits between cases and controls.
Eleven unopened boxes of frozen chicken nuggets or strips were tested along with four samples of opened product from case homes. One unopened package of chicken strips yielded Salmonella Heidelberg in addition to the opened sample of chicken nuggets collected from the index family. Both packages contained the same brand of product-that most commonly consumed by those with Salmonella Heidelberg PT26. Salmonella Heidelberg isolated from leftover food and from unopened product was phenotypically and genotypically indistinguishable from clinical isolates originating from cases known to have consumed that product brand (lacking H 2 S fermentation, PT26).
Notably, Salmonella Heidelberg PT26 found in both clinical isolates and food product was unusual in that it did not ferment H 2 S and would not produce characteristic black pigmentation (colonies) on some selective and differential media routinely used to detect salmonella (xylose lysine desoxycholate, Hektoen, and triple sugar iron). This characteristic extended to other Salmonella Heidelberg phage types as well. Only 1 of 23 clinical isolates fermented H 2 S (one of the four PT19 isolates).
DISCUSSION
Although surveillance data did not indicate a signicant rise in Salmonella Heidelberg infections in British Columbia, this investigation showed an association between consumption of frozen, processed chicken nuggets and strips and incidence of Salmonella Heidelberg infection. This result suggests that consumption of these products could explain a signi cant portion of the baseline rate of Salmonella Heidelberg infections in the province. In addition, the strength of association measured in this study suggests that 90% of Salmonella Heidelberg cases could be eliminated if exposure to chicken nuggets and strips were prevented (attributable risk fraction 5 90.9%). Although isolates of a speci c phage type, PT26, appeared to be associated with one particular brand of product, half of those with other phage types also recalled eating frozen, pro-cessed nuggets or strips prepared at home. Increases in Salmonella Heidelberg infection in other Canadian provinces caused a national case control study to be initiated to conrm that these products are risk factors in other parts of Canada; nal results of that study are pending.
A quarter of those with identi ed Salmonella Heidelberg infection were children 4 years old or younger. Chicken nuggets and strips are popular food items for young children, and products are often marketed speci cally to this age group (i.e., nuggets shaped like dinosaurs). In this study, Salmonella Heidelberg infection was associated with a longer duration of illness and a higher rate of hospitalization in young children compared with population studies involving mixed Salmonella serotypes (4). In addition, a higher incidence of bloody diarrhea was observed than is typically seen with salmonella (10) . Although reported infections generally tended to re ect more severe cases of disease, these ndings raise questions about differences in the severity of clinical illness experienced with different Salmonella serotypes.
The identi cation of frozen chicken nuggets and strips as a risk factor for Salmonella Heidelberg infection raises concerns about the clarity of labeling on these packages, especially par-fried products that no longer have a raw appearance. Both par-fried (raw) and fully cooked chicken nuggets and strips are sold to British Columbian consumers, but most brands do not indicate explicitly whether the product is raw. Although fully cooked brands are the exception in British Columbian supermarkets, over one-third of individuals surveyed considered these products to be precooked. Currently, Canadian labeling standards for processed raw poultry products do not require explicit indications that the product is raw. In an effort to promote clearer labeling of frozen processed chicken products, data from this study were presented to Health Canada's Food Directorate for consideration. This is the second time that chicken nuggets have been implicated as a vehicle of salmonella infection. Inadequate labeling of nuggets was cited as a contributing factor in an outbreak of Salmonella Typhimurium PT12 in Australia in 1998 (7) .
In addition to labeling changes, attention must be paid to the food product itself, as well as to the processing steps it undergoes. Because some brands are precooked, the question arises whether all manufacturers should be required to precook these items, given their identi cation as a signicant risk factor for infection. In addition, some chicken nuggets and strips are formed by reconstitution of smaller chicken pieces rather than the use of a single cut of chicken breast. As with Escherichia coli in ground beef, pathogens might be more likely in reconstituted nuggets and strips because surface area is increased and chicken pieces from a number of sources can be processed together. Even if performed, routine product testing might not detect Salmonella Heidelberg PT26 because some selective and differential media commonly used to detect salmonella (xylose lysine desoxycholate, Hektoen, and triple sugar iron) require colonies to ferment H 2 S and this strain does not. Further investigation is necessary to ensure that product testing is adequate and to identify and eliminate processing practices that can contribute to increased risk of salmonella in the nished product.
Given consumer confusion over the raw or cooked nature of chicken nuggets and strips, there is increased risk that inappropriate cooking methods and food handling practices are occurring. In fact, a third of study participants were less likely to wash their hands after handling frozen, processed chicken compared with raw poultry. Over one quarter reported using the microwave to heat these products, despite voluntary labels on some products advising against this cooking method. On 4 April 2003, the British Columbia Centre for Disease Control and the Canadian Food Inspection Agency issued a joint press release warning consumers in British Columbia to fully cook all frozen, processed chicken products such as nuggets, burgers, and strips because they were found to be associated with salmonella infection. The advisory also reminded consumers to avoid using the microwave as a cooking source for raw poultry because uneven cooking temperatures might contribute to survival of the organism in food.
Despite this warning, cases of Salmonella Heidelberg known to be associated with frozen chicken nuggets or strips continued to occur in British Columbia, and preliminary results from a nationwide Canadian study support this association in other provinces (6) . This highlights the need not only to continue consumer education activities but to pursue regulatory changes that improve the clarity of labels. A thorough review of the manufacturing process should be undertaken to identify interventions that can succeed in reducing the substantial risk of infection posed by these products.
